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Hybrid Drive for a Motor Vehicle 
Description 

Background of the Invention 

The invention relates to a hybrid drive for a motor vehicle with a combustion engine and a 
vehicle transmission with variable gear ratio and a first and second electrical machine which 
can be operated both as a motor and a generator, each of which comprises a stator and a 
rotor, with the second electrical machine being in a permanent nonpositive connection with 
an input of the vehicle transmission, with a shiftable clutch each being arranged between the 
electrical machines and the drive shaft of the combustion engine, and with the electrical 
machines to be connected with each other and/or an electrical energy source via an elec- 
tronic control circuit. 

Electric motors as drive motors for motor vehicles, which are supplied with electric energy by 
a battery or an on-board fuel cell permit emission-free and nearly silent driving, while being 
of a compact construction. The driving performance of purely electrically driven vehicles, 
however, is heavily restricted, due to the limited storage capacities of currently employed 
batteries, which is why electrovehicles have been employed only in special areas. 

Apart from purely electric drive systems, partially electric drives are known which are also 
referred to as "hybrid drives". These partially electrical drive systems essentially have a 
combustion engine as drive unit, by means of which a high performance and large cruising 
range of the motor vehicles are achieved. As a supplement, at least one electrical machine is 
arranged between the combustion engine and the transmission, which is arranged in series 
with or parallel to the drive train (between combustion engine and transmission) and offers 
the advantages such as for example brake energy recovery and emission-free driving. 

In so-called serial hybrid drives, travelling is effected purely electrically with limited power in 
one driving range, i. e. the combustion engine and one of the two electrical machines are at 
standstill. The entire required energy is supplied from a battery. In a second driving range, 
travelling is effected by means of the combustion engine which drives the second electrical 
machine operating as a generator which in turn supplies the energy for the driving motor in 
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the electric mode. Such serial hybrid drives operate without clutches in a permanent non- 
positive connection. 

In so-called parallel hybrid drives, starting is effected purely electrically by means of an elec- 
5 trie motor which Is connected with a transmission input shaft. Meanwhile, the combustion 
engine is at standstill, which is disengaged from the transmission Input shaft by a non- 
positive clutch. At a higher power requirement, e. g. exceeding a certain higher travelling 
speed, the combustion engine is started by the closing of a clutch, with the combustion en- 
gine then serving as a prime mover. The electric motor can then be used as an additional 
10 power source or a generator for charging the vehicle battery- 

Problem on which the Invention Is Based 

The installation space in motor vehicles, in particular in passenger cars, is very limited. An 
15 essential aspect is the simple mountabllity and the suitability for series production of the 
above described hybrid drives. 

The present invention is based on the object to create a hybrid drive for a motor vehicle, 
which provides for safe operation, compact construction, and ease of assembly and testing. 

20 

Inventive Solution 

According to the invention, this object is solved by a hybrid drive in accordance with the 
characteristics of Claim 1. For this purpose, the two electrical machines are to be arranged in 
25 a common housing, and one of the stators of the electrical machines together with the elec- 
tronic control circuit and/or the other stator are accommodated on a common carrier. 

This design enables a space saving modular assembly with preceding testing of the function 
of the stators and their cooperation with the electronic control circuit. In addition, the com- 
30 mon carrier may comprise a cooling means for cooling the stator(s) or the electronic control 
circuit, respectively. 



This holds true all the more as the electrical machines, in particular when they are con- 
figured as alternating field machines, are operated by so-called frequency converters as elec- 
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tronic control circuit. These frequency converters include a number of half-bridge arrange- 
ments, which corresponds to the number of phases of the electrical machine, which are sup- 
plied with control signals from a actuation electronics which may also be incorporated, if 
required, in the electronic control circuit. Depending on whether the electrical machine is 
operated as a motor or a generator, the electric power is taken from a rechargeable energy 
source and supplied to the electrical machine either for the desired speed or the desired 
torque, or electric power Is taken from the electrical machine and converted into the re- 
quired amount or phase position for downstream loads or the rechargeable energy source, 
respectively. In the previously known arrangements, the frequency converters are arranged 
separately from the electrical machines and connected with same via multi-phase power 
cables. 

An example of such a configuration of a power electronics for an electrical machine is des- 
cribed in DE 42 30 510 Al. Herein, the concept is followed to arrange the electronics in a 
boiling water cooling bath, with the current feed lines, the control signals for the control 
electronics, etc. being routed to this pressure-tight encapsulated arrangement via a central 
opening in the bottom of the capsule. 

Primarily, the cabling expenditure and the electromagnetic shielding which becomes neces- 
sary because of the cables between the electrical machine and the frequency converter are 
problematic. Moreover, a considerable amount of power connectors both on the side of the 
frequency converter and the side of the electrical machine is needed. Cooling of the power 
electronics of the frequency converter also requires a significant expenditure. Another prob- 
lem is that the repair of such an encapsulated frequency converter is virtually impossible 
without opening the pressure-tight capsule. Sealing the capsule can only be effected with 
considerable expenditure. Consequently, even minor defects of the encapsulated frequency 
converter result In Its replacement in its entirety. 

The inventive solution pursues the approach to integrate the electrical machine(s) or its/ 
their stator(s) and the actuation electronics on a common carrier and to cool them by means 
of a common cooling means. In other words, a load bearing cooling jacket is provided which 
Is capable to accommodate the stators and the actuation electronics both at its inner wall 
and its outer wall. This allows for a considerable saving of space and costs. If a repair might 
become necessary it is also much easier and less expensive to replace one or more defective 
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modules rather than the actuation electronics in its entirety. In addition, the invention per- 
mits to considerably reduce the shielding expenditure against electromagnetic radiated inter- 
ference because the high frequency power carrying cables are much shorter than in 
conventional - separate - arrangements. Moreover, the wiring expenditure is considerably 
5 reduced because the previously common phase distribution rails on the machine side can be 
dispensed with. 

Advantageous Developments of the Invention 

10 In a preferred embodiment of the invention, the carrier has an essentially hollow cylindrical 
portion, with one stator being arranged at Its inner wall and the other stator being arranged 
on Its outer wall. Alternatively, both stators may be arranged either on Its inner wall or on Its 
outer wall. The hollow cylindrical portion of the carrier has an essentially circular or polygo- 
nal ring-shaped cross section. 

15 

In a preferred embodiment, the cooling means is crisscrossed with fluid channels. These 
may surround the electrical machine either circulariy or spirally or may run essentially co- 
axially with the axis of rotation of the electrical machine(s) or with the centre axis of the 
carrier, respectively. 

20 

The cooling means can be integrated into the carrier already as eariy as during its manu- 
facture. This is relatively easy e. g. with a carrier made from pressure die-cast (aluminium) 
material because the cooling means with its fluid channels may be formed at the wall of the 
carrier In a simple manner. In one embodiment, the cooling means has at least one opening 
25 in its outer wall, which extends to at least one of the fluid channels and into which cooling 
elements arranged at one of the modules of the electronic control circuit protrude. These 
cooling elements may, for example, be designed In the shape of ribs, webs, or pins. 

In order to improve the heat dissipation both from the electrical machine and the modules of 
30 the electronic control circuit, the cooling elements protruding Into the fluid channels are de- 
signed In such a manner that they cause a turbulent flow In the fluid flowing In the fluid 
channels. This is effected, for example, by means of Impact blades arranged transversely to 
the fluid stream, guide vanes oriented towards each other or away from one another, or the 
like. 
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To achieve a good electrical insulation and simultaneously a good thermal coupling of the 
power semiconductors (MOSFETs, IGBTs, Schottky diodes, etc.) disposed in the modules of 
the electronic control circuit the cooling elements protruding into the fluid channels and/or 
5 the covers of the modules are made from non-ferrous metal, preferably from material con- 
taining copper or aluminium, or from ceramic material, preferably material containing alu- 
mina, aluminium nitride, and/or silicon carbide. 

In order to connect the components of the electronic control circuit, which are located in the 
10 modules with the stator and/or rotor coils over distances as short as possible, essentially 

radially oriented cables are arranged in the carrier which extend from the stator and/or rotor 
coils to the respective modules of the electronic control circuit. 

Moreover, cables are arranged in the or at the carrier, which are oriented essentially along 
15 the circumference, and connect the respective modules of the electronic control circuit with 
one another. This allows the distribution of control signals, on the one hand, and of the re- 
quired electrical power, on the other hand, to the modules (in motor operation) or the pick- 
off from the individual modules (in generator operation). 

20 The carrier may also accommodate a hydraulic manifold plate at its inner wall and/or its 
outer wall, in particular for the automatic transmission or other hydraulically operated as- 
semblies in the drive train. 

Further advantages and developments of the invention will become apparent from the de- 
25 pendent claims and from the embodiments described in the following in principle with refer- 
ence to the drawing. 

Brief Description of the Drawings 

30 Rg. 1 is a schematic illustration of a parallel hybrid drive for a motor vehicle. 

Rg. 2 is a schematic illustration of a serial hybrid drive for a motor vehicle. 
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Fig. 3 is a schematic partial illustration in a longitudinal section of an inventive hybrid drive 
of a first embodiment. 

Fig. 4 is a schematic partial illustration in a longitudinal section of an Inventive hybrid drive 
5 of a second embodiment. 

Detailed Description of Currentiv Preferred Embodiments 

Figs 1 and 2 schematically show a hybrid drive for a motor vehicle with a drive train 1, which 
10 comprises a first electrical machine 4 and a second electrical machine 6 which is directly and 
permanently connected with a transmission Input shaft 5, between a combustion engine 2 
and a multi-gear vehicle transmission 3 in the form of an automatic transmission. Between 
the electrical machines 4 and 6, each of which is capable of being operated as a motor and a 
generator, and the combustion engine 2 a shiftable clutch 7 or 8, respectively, is arranged. 

15 

In the embodiment according to Fig. 1 the first shiftable clutch 7 and the first electrical ma- 
chine 4 are arranged in a parallel side train 9 which branches off the drive train 1 between 
the combustion engine 2 and the second shiftable clutch 8 and form a parallel hybrid drive. 
The first electrical machine 4 is therefore disengaged or engaged, respectively, from the or 
20 with the, respectively, combustion engine 2 by the first clutch 7 and the second electrical 
machine 6 by the second clutch 8. 

In the embodiment according to Fig. 2 which shows a serial hybrid drive, the first shiftable 
clutch 7 and the first electrical machine 4, followed by the second shiftable clutch 8 and the 
25 second electrical machine 6 are arranged in series in the drive train 1 from the combustion 
engine 2 downstream towards the vehicle transmission 3. 

In both embodiments, the first electrical machine 4 is provided for starting the combustion 
engine 2. In this process, the first dutch 7 is closed or slips. In principle, however, the 
30 starter function can be effected by the two electrical machines 4 and 6. 

The second electrical machine 6 primarily serves for the electric starting with the combustion 
engine 2 disengaged. Starting is however also possible with the second electrical machine 6 
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and the connected running combustion engine 2. Here, the second clutch 8 is shifted in the 
slipping condition. 

In the two illustrated embodiments the first electrical machine 4 is directly connected with a 
5 hydraulic pump 10 of the automatic transmission 3. The hydraulic pump 10 is arranged bet- 
ween the first shiftable clutch 7 and the first electrical machine 4. It is electrically driven by 
the first electrical machine 4, or mechanically driven by the combustion engine 2 via the 
closed first clutch 7. 

10 As can be seen from Figs 1 and 2 the electrical machines 4, 6 are electrically connected with 
each other via a power actuation control 11 and with an electric energy source 12 in the 
form of a rechargeable battery. 

The first electrical machine 4 may be operated with current from the battery 12 or via the 
15 power actuation control 11 with current from the second electrical machine 9. In the latter 
case, the second electrical machine 6 operates as a generator, and the second dutch 8 Is 
shifted to the opened or slipping condition. 

As an alternative, the first electric machine 4 can also be operated as a generator, with the 
20 second clutch 8 being shifted to the closed or slipping condition. 

A torsional vibration damper 13 for protecting the drive train 1 against rotational irregular- 
ities is arranged between the output shaft of the combustion engine 2 and the first clutch 7. 

25 Fig. 3 illustrates how the two electrical machines 4, 6 are arranged in a common housing 20 
which has an essentially conical tubular shape. An aluminium pressure die-cast tube with a 
round cross section is inserted into this housing 20 as a carrier 22 whose inner wall 24 has a 
circular cross section and whose outer wall 26 has a polygonal cross section. At its front (in 
Rg. 3 right-hand) end the carrier 22 has a supporting flange 28 extending radially inwards 
30 which bears against a shaft 32 via a bearing 30. On the outer wall at the front end of the 
carrier 22 a stator 34 with indicated stator windings 34a of the first electrical machine 4 is 
arranged secured against rotation. Separated by an air gap 37 a rotor 38 also with indicated 
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rotor windings 38a rotates about the stator 34 of the first electrical machine 4. The output 
side of the rotor 38 to the first clutch 7 is not detailed herein. 

At the side of the first electrical machine 4 facing away from the front end, a further (sec- 
ond) supporting flange 40 extends from the outer wall 26 of the carrier 22 radially outwards, 
which is secured at the inner wall of the housing 20. At the rear end of the carrier 22 a third 
supporting flange 42 is formed which also extends radially outward to the inner wall of the 
housing 20 and is secured thereon. 

The second electrical machine 6 is accommodated at the inner wall 24 of the carrier 22 vir- 
tually over its entire length. The stator 44 of the second electrical machine 6 with indicated 
stator windings 44a is attached secured against rotation at the inner wall 24 of the carrier 
22. Separated by an air gap 46 a rotor 48 also with indicated rotor windings 48a rotates 
about the stator 44 of the second electrical machine 6. The output side of the rotor 48 to the 

second clutch 8 is not shown herein. 

The electronic control circuit with several modules 36 distributed along the circumference is 
arranged between the second and the third supporting flange 40 and 42 at the outer wall 26 
of the carrier 22. The stator windings 34a, 44a of the electrical machines are connected via 
cables 58 with the modules 36 of the electronic control circuit. 

Cooling channels 52 are formed in the carrier 22, in which water or oil is circulating which 
dissipates the thermal energy from the electrical machines 2, 4, in particular from their sta- 
tors 34 and from the modules, in a heat exchanger not shown in detail to the environment. 

In the embodiment shown in Fig. 3 the cooling channels 52 are routed essentially con- 
centrically or spirally and are closed towards the outer wall 26 of the carrier 22. Thermal 
coupling between the modules 36 of the electronic control circuit and the carrier 22 is ef- 
fected here by electrically insulated, but thermally conductive plane bottom plate 36a of the 
modules 36. 

In its configuration shown in Fig. 4 the carrier 22 has several openings 54 in its polygonal 
outer wall 26 with plane area portions, through which cooling elements 58 of the modules 36 
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of an electronic control circuit are protruding. The cooling elements 58 are designed in such 
a manner that they cause a turbulent flow in the water or oil flowing in the cooling channels 
32 in order to enhance the heat dissipation from the modules 36 of the electronic control 
circuit and from the electrical machines 4, 6. 

5 

Incidentally, the embodiments of Rgs 3 and 4 differ from each other In that In Fig. 4 at the 
outer wall of the carrier 22 one electrical machine as external rotor motor and the electronic 
control circuit are arranged, while at the Inner wall of the carrier 22 the other electrical ma- 
chine as internal rotor motor is arranged. In Fig. 4, however, only the electronic control cir- 

10 cult Is arranged on the outer wall of the carrier, and the two electrical machines are 

arranged as internal rotor motors at the Inner wall of the carrier. Fig. 4 also shows how a 
hydraulic manifold plate 70 between the two electrical machines (or also at one of the outer 
faces of the respective machine) at the inner wall 26 of the carrier 22 may extend radially 
Inwards. The hydraulic manifold plate 70 may therefore. If required, also take the function of 

15 the first supporting flange 28 extending radially inwards. 

The modules 36 of the electronic control circuit have a shape which Is essentially adapted to 
the available space and comprise electronics including power semiconductors 36b. The 
power semiconductors 36b generating heat losses are thermally coupled with the cooling 
20 elements 58. 

The bottom plates 36a of the modules 36 and the cooling elements 58 are made from mate- 
rial containing copper or aluminium, from alumina, aluminium nitride or silicon carbide. 

25 Finally, it should be noted that the drawings serve to illustrate and explain the invention only 
in principle; the actual dimensions and proportions of embodiments of the invention may 
differ therefrom- 



